We examined the role of chromium reduction in the Golgi-Colonnier method, correlating the quali ofneuronal lent ( C p ) chromium in the tissue and in the chromation fluid (CP). The concentrations of both chromium species were assessed by measuring spectrophotometrically the Crw before and after oxidizing the sample and by calculating the ratio of Crw to total chromium (chromium ratio, CrR). The CrR was almost identical in the tissue and the CF, decreasing exponentially during chromation due to a progressive comumption ofCrw to form C P . sabisfaceory cell impregna-impregnation with the levels of hexavalent (Cr % ) and triva-
Introduction
The Golgi method (GM) is a histological procedure that allows extremely delicate visualization of the somata and processes of the nerve cells, which are shown in a red-to-black tone against a pale orange background. The method stains only some neurons, thus allowing a precise analysis of the neuronal morphology and connections. Moreover, very thick sections (200 hm or more) can be studied, so that axons and dendrites can be accurately traced for rather long distances. These properties have made the GM a most powerful neuroanatomic tool, and although frequently maligned because of its inconstancy, it has remained a key technique to organize data from other methods or disciplines.
The GM (Golgi, 1873) consists of two steps: chromation and impregnation. The first step comprises the fixation of the tissue in potassium dichromate ( K~C~Z O~) , and the second consists of immersion of the specimen in a silver nitrate (AgN03) solution. It is in this step that the cells turn almost black. The original Golgi procedure can be hastened, and the results dramatically improved, by addition of either osmium tetroxide (rapid GM) ( tion was obtained only when the CrR was 0.45-0.7, regardless of other factors. The CrR values could be accurately predicted by the pH increase of the CF; this increase has proven to be a most reliable criterion to decide the endpoint of the chromation process. The dependence of cell staining on the [@I, together with the well-known ability of this species to bridge proteins, suggests that the key event for cell impregnation is the cross-linking of neuronal proteins by C P polymers. (JEiistochem C y " 42393-403, 1994) KEY WORDS: Golgi method; Chromium reduction; Protein crosslinking; Polarization microscopy; Rat. and De Castro, 1933; Golgi, 1898) or aldehydes (Colonnier, 1964; Kopsch, 1896) to the dichromate solution. However, neither these improvements nor the use of perfusion fixation or of the myriad of tricks which are reported in the texts of neuroanatomic techniques (Millhouse, 1982; Morest, 1981; Strausfeld, 1980; Scheibel and Scheibel, 1978; Rambn-Moliner, 1970; Valverde, 1970; Rambn y Cajal and De Castro, 1933) can overcome the capriciousness of the method. As is well known to anyone familiar with the GM, it is impossible to predict the results that will be obtained in a particular specimen. This odd situation, which is in fact the greatest limitation of the technique, can be surmounted only if the chemical processes that result in Golgi staining are clarified.
Little is known about the chemical reactions involved in the GM, although it is currently agreed that the staining is due to the reaction between KzCrz07 and AgNO3 (Morest and Morest, 1966; Rambn y Cajal and De Castro, 1933; Kallius, 1926; SehrwaJd, 1889) ; depending on the K2Crz07 and some other factors (Remy, 1970) , the endproduct of this reaction may be either silver dichromate (AgzCr207) or silver chromate (AgzCr04). The first compound has been identified by polarization microscopy in neurons impregnated with the rapid GM (Morest and Morest, l966), but it seems that the Golgi precipitate is chiefly AgzCr04, as has been demonstrated by X-ray diffraction techniques (Chan-Palay, 1973; Fregerslev et al., 1971) .
Nevertheless, there are some facts that cannot be easily explained 393 considering the results of the GM as just a precipitation of AgzCr04 inside the cell. In the first place, this compound has an orange-to-red color, so that the staining of the cells in black is unexpected. In addition, the in vitro attainment of AgzCr04 starting from K2CrzO7 and AgN03 is a much simpler reaction than the one leading to the formation of the Golgi precipitate. In fact, the formation of the latter is especially dependent on the chromation time (Millhouse, 1982; Morest, 1981; Scheibel and Scheibel, 1978; RamBn-Moliner, 1970; Valverde, 1970; Ram6n y Cajal and De Castro, 1933) which, in turn, depends on the temperature and on the presence of Os04 or aldehydes in the CF. On the other hand, all these factors are irrelevant for the in vitro reaction. The fact that the results of the GM can be upgraded by both strong oxidants (Os@) and reducers (aldehydes) is striking from a chemical point of view and suggests a significant role for redox processes in this technique. Other data also point in this direction. Braitenberg et al. (1967) have shown that the GM can also be accelerated by the addition of non-aldehydic reducers, such as sucrose, to the CF. Furthermore, Bertram and Ihrig (1957) have reported easier staining when the GM is carried out at low pH, a condition which enhances the oxidation potential of Cr2072-. The experiments of Armstrong and Parker (1986) also address the importance of the redox processes in the GM; these authors have obtained nice Golgi images in especially difficult material by adding to the chromating solution a set of substances capable of reducing dichromate, such as formaldehyde, sucrose, or hydrogen peroxide, and by running the reaction at a very low pH and at high temperature.
A key to understanding the role of these redox processes is that the GM uses a very strong oxidant ( C~0 7~-) in an acid medium, which acts on a tissue with enhanced reducing capability. This high reduction strength is due to a high concentration of aldehydes, which are either provided by the fmtives used in the Golgi-aldehyde techniques or generated in the tissue by the action of 0~0 4 , in the case of the rapid GM (Lison, 1960; Wolman, 1957; Bahr, 1954) .
The importance of the high concentration of aldehyde groups in the tissue lies in their well-established ability to reduce the hexavalent chromium (Crv') of the potassium dichromate to trivalent chromium (Cr"' ) even at neutral pH (Morrison and Boyd, 1983; Lange, 1967) . CI" is a strong cross-linking agent for some proteins (Gustavson, 1956) , thus chromating the tissue. However, not all the Crvl can be transformed to CrlI1, since it has been demonstrated that the precipitate seen by microscopy contains Crvl (Chan-Palay, 1973; Fregerslev et al., 1971 ). An attractive hypothesis would be to correlate the quality of the Golgi impregnation with the ratio of the concentrations of Cr"' and Crvl in the tissue; if this assumption proves to be true, it could be suggested that crosslinking of proteins by CPI plays a crucial role in the staining mechanism of the Golgi-Colonnier method and, therefore, Golgi-like deposits should be expected if pure proteins are bridged by Cr"' and then exposed to silver nitrate. Therefore, there are two a i m s of this study: (a) to check the importance of the ratio of CrV1 to Cr"' for the success of the Golgi-Colonnier method, an objective addressed by measuring the chromium contents in the tissue and in the CF and correlating these values to the impregnation quality; and (b) to test the dependence of the Golgi precipitate formation on protein bridging by Cr"', achieved by running the method on an acellular protein model, such as ovalbumin. 
Materials and Methods

Brain Tissue Impregnation
Five young (14-16-day-old), healthy male Wistar rats weighing 35-40 g were used. The brain was stained with a Variant ofthe Golgi-Colonnier method, using different chromation times and temperatures; the amounts of Cr"' and Crw were measured during chromation, both in the tissue and in the CF, and the pH variations of the latter were recorded.
Golgi-Colonnier Method. The animals were anesthetized with ethylic ether, the heart was exposed, and a 1.3-mm diameter plastic cannula was inserted in the left ventricle. The right atrium was opened and the blood flushed with 10 ml of 0.1% sodium nitrite in saline.
Fixation was accomplished by perfusing the animal with 100 ml of an aldehyde mixture, followed by another 100 ml of a potassium dichromate solution, both at room temperature (RT). The aldehyde solution contained 1% p-formaldehyde, 1.25% glutaraldehyde, and 0.5% calcium chloride in 0.07 M sodium cacodylate buffer, pH 7.4. The dichromate solution contained 6% potassium dichromate (K2Cr~07), 6% chloral hydrate (C13c-CHO) and 1.6% formaldehyde (H-CHO). All the solutions were prepared just before use and the components dissolved before miwing them. The perfusion pressure was adjusted to 65 water cm for the washing and aldehyde solutions and to 95 for the dichromate solution. Temperature was held at 21' C.
once the perfusion was over, the skull was removed, the brain was carefuliy extracted, and coronal sections were cut with a razor blade; 10-12 slices measuring about 3 x 5 x 7 mm containing cerebral cortex were obtained from each brain. All the slices of any single brain were chromated in 500-600 ml(50 ml per slice) of freshly prepared CF containing 6% potassium dichromate, 10% chloral hydrate, and 7.4% formaldehyde in water. The CF was not replaced during the procedure. Temperature was held at 10,20 or 23'C (i1.C). The 20 and 23'C temperature groups were introduced to test if the usual variations of RT had a major influence on the results of the GM. The pieces were removed from the CF at different times (Gble 1) and the pH was recorded. Two pieces were used for each chromation stage: one was used for chromium determination (see below), while the companion was briefly immersed in 0.75% silver nitrate and further impregnated in this reagent for 24 hr at 20'C. This material was sectioned at 200-300 pm in a vibratome; the sections were collected in 96" ethanol, dehydrated in graded ethanol, cleared in xylene, and mounted in D A " a r resin with coverslip. Once dehydrated, some sections were embedded in Epon between two Aclar sheets; thin (0.5-1 m) sections obtained from these flat embeddings were counterstained with toluidine blue and used to select cells for electron microscopy examination. The results of the EM analysis will be reported in a future article.
Both thin and thick sections were examined under brightfield illumination and polarized light in a Leitz Ortholux-II Pol BK microscope equipped with a 0.9 NA condenser; the top resolution was obtained with a PI-Fluotar 10011.32 P Leitz objective.
Some sections were obtained from all the pieces before silvering; these sections were dehydrated, mounted in the usual way, and examined by both brightfield and polarized light microscopy. No neurons were visualized in these sections.
The degree of chromation was estimated according to the criteria laid down by Cajal (Ram6n y Cajal and De Castro, 1933) . Specimens were considered under chromated when they showed only a few pyramidal cells displaying just the proximal dendritic segments against a reddish background; overchromated material was classified as such if the background was pale yellow and the pyramids exhibited either broken dendrites or no dendrites at all. Pyramidal cells with spines and complete dendritic arbors standing against a pale orange background, if abundant, were considered as typical of correctly chromated pieces. The chromation degree was assessed independently by at least two microxopists.
Chromium Reduction. The Crvl to Cr'" conversion was assessed both in the tissue and in the CF by calculating the ratio between the contents of Crvl and total chromium (CrR).
Chromium contents were measured by the highly sensitive and selective diphenylcarbazide method (see Marczenko, 1976 , for technical details). This spectrophotometric method is based on the formation ofa violet compound when chromate or dichromate (but not Cr") ions react with diphenylcarbazide in an acid medium. The colored product has a maximal absorbance at 542 nm; at this wavelength the linear relation between the color intensity and the Cr"' concentration is
where C is the chromium concentration in mgll and A is the absorbance at 542 nm; the applicability of this equation was limited to a concentration range between 0.02 and 0.3 mglliter.
Diphenylcarbazide does not react with Cr", but this species can be transformed in Crw by oxidation with potassium permanganate (Khfno4) in acid medium; in this way, the [Cr'"] of a solution containing C8' and Crw can be obtained by subtracting the values of [Crw] in the unoxidizcd solution from those in the oxidized one.
Chromium determination in the tissue was carried out after weighing the sample and homogenizing it with a Politron homogenizer. The homogenate was repeatedly washed in distilled water until the diphenylcubazide test turned negative, thus indicating that no more hexavalent chromium could be extracted; [Crw] and [ C p ] in the supernatant were then determined. The remaining sediment was treated at 1OO' C with concentrated sulfuric acid to destroy the organic matter, and the chromium concentrations were measured. The total chromium content (CrT) of the tissue was obtained by adding the values obtained for the soluble and non soluble fractions.
In the CF, the CrT was calculated from the K2Crz07 concentration in the recipe; [ C p ] in the CF during chromation was obtained by subtracting from this CrT the d u e s of [Crw] measured spectrophotometrically.
Ovalbumin Impregnation
The differential action of Crw and Cr"' on proteins was checked by running the Golgi-Colonnier method on ovalbumin. Six ml of egg white was immersed in 100 ml of either 6% KzCrz07 or freshly prepared CF only in the latter case were lumps of clotted albumin formed. After 6, 22, or 76 hr (2O'C) in one ofthese liquids, small amounts of coagulated and noncoagulated albumin, and also mixtures of both, were embedded in agar; thin slabs (2-3 mm) were impregnated, sectioned, and mounted as previously dcxribed for the Golgi-Colonnier material. Silvered seaions obtained from agar blocks containing only CF or K2Crz07 were used as controls.
Results
Chromium Reduction
The evolution of the CrR in the CF is shown in Figure 1 ; there is a continuous decay of this value along the whole of the chromation period, indicating a progressive reduction ofthe Crv* content. This evolution is expected for this type of redox process.
The CrR for the tissue (Figure 1) fits the same cum as for the CF in the entire range of temperatures and times tested ('Igble 1). Since the CrR values are practically the same for the CF and the tissue in each stage of the chromation process (Table I) , it can be assumed that the chromium reduction rate is the same in the tissue and in the CF, being A c t e d only by temperature.
The pH of the CF also changed during chromation (Table I) showing a continuous rise related to the decrease of [Crvl] ( Figure  2) . The changes in the pH and [Crvl] values in the 10 and 20°C experiments followed a similar pattern, although they were faster in the latter case. A detailed analysis of the changes in the concentration of the Crw, C p , and CrT amounts in the pieces of neural tissue throughout the chromation phase is shown in Figure 3A for the 20°C experiments. The content of CrT showed a fast increase up to 19 hr, but from this time onwards the incorporation rate was much slower. The [Crvl] was also raised during the same period, but then decreased continuously. [ Cr"' ] showed a different behavior, growing continuously throughout the entire chromation period. These results suggest that diffusion of Crvl into the tissue takes place basically in the first 20 hr, followed by the reduction of Crw to Cr"', which 1' 6 1: is the main process for the rest of the chromation period. Only a minor part of this Cr"' was recovered from the soluble fraction of the homogenates; almost all the Cr"' in the tissue appeared only after the extraction (Table I) , thus indicating that it was strongly linked to some biological structure. Crvl appeared only in the soluble fraction.
Similar results were found when the chromation was run at 10°C ( Figure 3B; Table 1 ). The amounts of Crv' and Cr"' in the tissue were similar to those obtained at 20'C, including those of the CI" strongly retained by the tissue. However, the rates of Crv' diffusion and of Crv' to Cr"' transformation were much slower.
Neuronal Staining
Brightfield Microscopy. As expected, neuronal staining was highly dependent on the chromation process.
The material impregnated with silver nitrate immediately after the perfusion (CrR 0.8-0.9) showed very few cells (Figure 4A) , which were always at a depth of 250-500 pm from the pia. The cells were incompletely stained, displaying only the cell body and the initial segments of the dendrites. Usually, the somata were stained brownto-black which, in some cells, tumed progressively to a reddish color in the more distally impregnated segments of the dendrites. The background showed a color gradient from the surface at the center of the section. The more superficial areas were completely black, turning to deep brown and afterwards to reddish brown, orange, and yellow; at the center of the section, the background was pale yellow or colorless. The number of stained cells increased remarkably after 19 or 42 hr of duomation at 20°C (Figure 4B) ; the impregnation revealed second-and third-order dendrites and even dendritic spines (Figure >A) , as well as the first axonal segments and some collaterals.
The color range of the stained cells was similar to the previous case. The somata appeared solid black in thick sections, although the thin ones showed that the Golgi precipitate spared the nucleus (Figure 5C) . The dendrites showed a color gradation from deep brown in the proximal trunks to russet red in the distal branches. After 42 hr of chromation the reddish staining was confined just to the tips of the dendrites. The length of the stained dendrites was similar in the specimens chromated for 19 and 42 hr.
After 19 hr of chromation at 2O'C, the background of the section was lighter, especially in the band where the best stained cells were placed. This feature was even more remarkable in the material chromated for 42 hr, which showed the well-impregnated cells standing out against an orange-yellow background.
Almost identical results to those of the 19and 42-hr (20°C)chromated material appeared when the chromation was held for 21 or 43-45 hr at 23°C or for 46 or 118 hr at 1o'C. In the latter case, the impregnation quality was improved, with an exquisite definition of minor details. The CrRs of the correctly chromated tissues are shown in Table 1 .
The slices chromated for 66 hr at 20'C had a completely different staining pattem. The number of stained somata was similar to the former case, but their contours were somewhat irregular (Figure 4C) ; abundant fragments of axons and fine, thick dendrites were impregnated, but it was seldom possible to trace them to their soma of origin, thus resulting in a rather confusing mesh of unconnected neuronal processes. In this material, the background was finely granulated, with an even lemon-yellow color. Similar images were obtained when the duomation period lasted for 166 hr at 10°C or 57-70 hr at 23°C.
In the pieces chromated for 162 hr at 20°C. only some cell bodies and gross processes could be identified. The majority of the cells were distorted or even disrupted by black, needle-like suuctures (Figure 4D) . The background was pale yellow and more coarsely granulated than in the 66-hr material. These results were similar to those obtained with a chromation time of 214 or 286 hr at 10°C or of 118 or 142 hr at 23°C. The CrRs of the overduomated tissues are detailed in Zble 1. The relationship between the impregnation quality and the CrR values is summarized in Figure 6 .
Polarization Miaascopg. The analysis of well-impregnated neurons with the polarizing microscope (Figures 5 and 7) rendered similar results to those reported by Morest and Morest (1966) for the rapid GM. When the slide was examined under polarized light, the neuronal processes were birefringent, showing four extinctions when the stage was rotated 3609 However, extinction did not take place for all the profiles at the same point of the arc, so that for a given position of the stage only some dendrites were brilliant.
Single dendrites also showed dark segments which tumed brilliant (and vice versa) on rotating the stage (Figure 7) . (Figures 7B and 7C) . When these dark somata were examined in thin sections, they turned strongly birefringent (Figure 5) . This change in the optical behavior of the cell bodies indicates the existence of several arrays of anisotropic crystals with their optical axes arranged in such a way as to impede light transmission when the whole of the soma stands across the beam path.
No individual crystals could be resolved, either in the soma or in the dendrites or axons, so that their dimensions may be under the resolution h i t s (0.2-0.4 pm) of our microscope.
Ovalbumin Impregnation
Silver impregnation of ovalbumin rendered different results, depending on the previous treatment (Figure 8) . Ovalbumin coagulated by the CF action (Figures 8A-8C ) exhibited large, irregular deposits of a brown-to-black color, with some translucent, russet red areas mainly located at the periphery. These deposits were strongly birefringent, showing extinction when they were examined with polarized light (Figures 8D and 8E) , although individual crystals could not be resolved. The extent of the deposits increased with the chromation time (Figures 8A and 8B) . When the ovalbumin was mixed with plain K2Cr207 ( Figures  8A-8C) , a precipitate composed of small, round, homogeneous, translucent ruby red, birefringent grains appeared. These grains were evenly distributed, although in some occasions they grouped together and formed almost perfect spherules ( Figure 8C) . The number and optical properties of the grains did not change with the duration of the dichromate treatment.
The results of impregnating agar-embedded mixtures of coagulated with non-coagulated ovalbumin were the same as when both of them were impregnated separately.
The mixtures of agar and CF or of agar and K2Cr207 rendered only a diffuse crystalline precipitate; in the case of agar-CF, crystals were occasionally grouped in small clusters.
Discussion
The Quality of the Results of the Golgi-Colonnier Method Depends on the Chromium Ratio
The impregnation quality of the neurons is related to tissue CrR, as shown in Figure 6 . The tissue samples with high CrR (underchromated material; Table 1 ) exhibited few neuronal somata, with only proximal dendrites impregnated. This poor staining cannot be related to an impairment of the chromium-silver reaction.
and AgNO3 are present in the tissue at this time, so that Ag2Cr04 formation should be expected. In addition, these sections had an intense reddish background, which is the hallmark of underchromated specimens (RamBn y Cajal and De Castro, 1933) and which may be due to the fact that AgzCr04 is evenly distributed instead of being concentrated in particular neurons. The deposit of Ag2Cr04 in the neurons is enhanced compared to the backgtound as [ Cr"'] rises, only obtaining nice neuronal staining when the CrR was close to 0.58 (Table I) , i.e., when the amount of Cr"' was similar to that of Cr"'. This correlation between CrR and neuronal impregnation was consistently found in all the cxperiments, although the suitable CrR was more promptly achieved at higher temperatures.
The tissue samples with a low CrR exhibited the classical signs of overchromation (RamBn y Cajal and De Castro, 1933) . When the CrR was around 0.4 (66 hr at 20'C or 166 hr at 10°C), the dendrites appeared broken and no spines could be seen; at CrRs under 0.35 (162 hr at 20°C or 286 hr at 1 0 T ) the cells were so distorted that they could be barely identified as such.
This last finding can be explained by considering that the overchromated tissue has a high Cr"'. In the pH ranges where this [Cr"'] is found ('Igble I), Cr"' has a marked tendency to polymerize spontaneously, thus forming large aggregates (Greenwood and Earnshaw, 1984;  Thorstensen, 1978;  Rollinson, 1973) which may be responsible for the disruption of the neurons (Figures 4C and 4D) .
Some practical rules to obtain reproducible results with the Golgi-Colonnier method can be extracted from the foregoing discussion. Since the key point of the method is the attainment of a suitable level of Cr' " in the tissue during the chromation step, special attention should be paid to this fact to optimize the technique.
The rate of Cr"' formation in the tissue is related to that in the CF, and, most interestingly, there is a close relationship between the [ Cr' "] and the pH increase in the CF. The latter finding is an effect of the proton consumption that takes place during the reduction of Cr" to Cr"' . This process can be written as follows:
For this reason, the pH increase af the CF turns out to be a simple and reliable criterion to predict the [ @] and, coquently, the quality of neuronal impregnation. For the protocol followed in the present study, a change of 1.7 to 2 pH units (final pH 5.8-6.1) was considered optimal; the eight specimens chromated until these values were reached rendered good impregnation ( Figure 6 ; ' Gable 1).
However, pH is a consistent criterion, providing that the other factors influencing the Cr" reduction rate do not change from one experiment to another. Special attention should be paid to maintaining constant the total amount of CrvI available for the reduction process, the K2Cr207, and the type and concentration of aldehydes, as these factors determine to a great extent the initial pH of the CF and the speed of the Cr transformation. If some of these parameters must be changed, a calibration test should be run for the new formula to establish at which pH value the best impregnation is obtained.
Protein Cross-linking by Cr": A New Approach to the GoZgi-Staining Mechanism
The foregoing discussion stresses the importance of the [Cr"'] in the Golgi staining process. Nevertheless, Crvl (and not Cr"' ) is the substance that reacts with AgNO3 to form Ag2Cr04, the endproduct of the Golgi reaction. Therefore, an alternative role for Cr"' should be considered.
As has been well known for a long time (see reviews by Shuttleworth, 1978; Gustavson, 1956;  McLaughlin and Theis, 1%5), CP' has a high affinity for the terminal carboxyl groups of protein sidechains, cross-linking them by forming positively charged Cfl-protein complexes. An appeahg idea is to think that these cross-lmkmg processes take place also in the GM. If this is the case, positively charged Crul-protein complexes will be formed, so that electrostatic unions between them and the unoxidized C r~0 7~-should be expected. If the tissue is then exposed to AgN03, a visible precipitate of AgzCr04 would appear wherever C r~0 7~-anions are located, thus revealing the protein-Cr"' complexes. According to this hypothesis, a Golgi-impregnated neuron can be envisaged as a lattice of complexes of cytosolic proteins and Cy1 polymers overlain by crystalline AgzCrOc deposits.
Direct visualization of the Cp-protein lattice in Golgi-impregnated neurons is not possible at present, although some character-istics of the deposits suggest its existence: (a) the AgzCr04 crystals are laid down to form a meshwork (b) the Ag2Cr04 crystals in the Golgi-impregnated neurons are much smaller than those obtained in vitro, thus indicating that the crystal growth is restrained in the GM; and (c) the increase in the concentration of the cross-linking agent Cr"' during chromation results in a change in the optical properties of the intraneuronal crystalline deposits. These arguments are discussed below.
It has been shown that properly Golgi-impregnated cells, when examined by high-voltage EM, show a fine fibrillar meshwork which spans from the cell membrane to the nuclear envelope (Palay and Chan-Palay, 1973; Chan-Palay and Palay, 1972) . At higher magnification, this meshwork appears as a complex reticulum of branched fibrils or rodlets measuring about 410-440 A in diameter and 0.5 pm in length. The authors identified these small structures as silver chromate crystals.
Our data also show that the intracellular crystals are very small, since they are beyond the resolution limit of the polarization microscope (i.e., they are smaller than 0.4 pm). Nevertheless, they are detectable by X-ray diffraction methods (Fregerslev et al., 1971) , so that they fit in the category of cryptocrystals as defined by Bates and Jackson (1987) .
The fact that Ag2CrO4 is deposited inside the cell as cryptocrystals and not as the usual monoclinic crystals obtained in vitro indicates that the crystallization process is hampered by some sort of physical barriers that do not allow a crystal to exceed a size of 0.4-0.5 pm. These physical barriers are also developed when pure proteins, with no membranes around them, are cross-linked by Cr"' : the ovalbumin impregnation experiments (Figure 8) show that AgzCr04 deposition over proteins bridged by CrlI1 renders a cryptocrystalline precipitate, similar to that of the Golgi-stained cells. The hypothetical lattice of Cr"'-bridged proteins would be a suitable candidate for such a physical barrier.
It is well known by crystallographers that the optical properties of cryptocrystalline aggregates depend on the three-dimensional arrangement of cryptocqmals. If cryptocrystals are laid down in regular and parallel arrays, the deposit shows an optical behavior most similar to that of bulk crystals. When cryptocrystals form thick or irregular aggregates, the deposits have a very low light transmittance.
Neurons impregnated with the GM show different optical properties, depending on the [Cr"']. As previously stated (see results), when chromation is carried out with low [C&I1] (CrR for the tissue -0.7) translucent, orange-to-red stained anisotropic dendrites are obtained, thus reflecting that cryptocrystals are ordered in parallel arrays, with the optical characteristics of the Ag2Cr04 monoclinic bulk crystals. On the other hand, higher [Cr"'] (CrR for the tissue 0.45-0.55) renders opaque dendrites, indicating that an irregular disposition of cryptocrystals takes place in these cases.
The relationship between the [Cr'"] and the arrangement of cryptocrystals can be readily understood by assuming the existence of a Crln-protein lattice: low [C&I'] would lead to poor protein bridging, the meshwork being wide enough to allow a regular deposit of cryptocrystals. Conversely, a high [CZI~~] in the CF would render a heavily interwoven protein network, so that cryptocrystals would be laid down in a disorderly pattern, hampering light transmission.
The changes in the optical behavior of the impregnated den-drites cannot be so easily detected in the somata, which always appear opaque. This may be related to their thickness which, regardless of any other consideration, seems to impede almost completely any light transmission (Morest and Morest, 1966) ; our results in thin sections (Figure 5 ) also point in this direction.
The previous arguments provide indirect support for the consideration of the GM as a crystallization of AgzCr04 within a lattice of proteins and Cr' ", the latter being produced by the aldehydic reduction of dichromate ions. Nevertheless, more data are needed to complete and confirm t h i s preliminary proposal, especially to explain whey only some neurons are stained; present work at our laboratory is devoted to answering this question.
